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ABSTRAK 
 
Nano-indentation telah memberikan informasi yang berharga tentang sifat 
mekanika material yang ukurannya sangat kecil bulk atau sebagai films dan coatings. 
Pengaruh geometri kontak, termasuk round tip indenter dan kekasaran specimen, pada 
perilaku kekerasan material elastic perfectly plastic dipelajari dengan cara simulasi 
elemen hingga. Dengan mengidealkan indenter secara nyata dengan rigid conic indenter 
mencoba dengan lembut ujung spherical dan menguji interaksi indenter dengan flat 
surface dan rough surface. Dalam kasus terakhir rough surface diwakili oleh sebuah 
spherical asperity dan cavity. Perilaku indentation material heterogen dengan memiliki 
konstituen yang sangat berbeda pada mechanical properties. Heterogenitas 
mikrostruktural material elastic perfectly plastic model elemen hingga nano-layers. 
Tujuan analisa ini bagaimana faktor geometri kontak, yaitu tip roundness dan 
kekasaran permukaan specimen dapat mempengaruhi perilaku hardness pada kedalaman 
indentation yang kecil, efek kelengkungan asperity dan cavity di permukaan specimen 
dapat menyebabkan perubahan dalam nilai-nilai kekerasan dan respon material 
heterogen pada proses recovery diamati dalam fase tunggal, efek deformasi dianalisa 
selama load dan unload. Hasilnya menunjukkan nilai hardness antara present model 
dengan model Li et al. menunjukkan hasil yang baik dengan beda keberhimpitan yang 
kecil. Hasilnya menunjukkan bahwa nilai equivalent plastic strain versus indentation 
depth antara present model dengan model Tang et al. selisihnya kecil.  
 
 










Nano-indentation has provided valuable information on the mechanical property 
of materials in very small size in bulk or as thin films and coatings. Influence of contact 
geometry, including the round tip of the indenter and the roughness of the specimen, on 
hardness behavior for elastic perfectly plastic materials is studied by means of finite 
element simulation. Idealize the actual indenter by an equivalent rigid conic indenter 
fitted smoothly with a spherical tip and examine the interaction of this indenter with 
both a flat surface and a rough surface. In the latter case the rough surface is 
represented by either a single spherical asperity and a cavity. The indentation behavior 
of a heterogeneous material with constituents having distinctly different mechanical 
properties. The microstructural heterogeneity by an elastic perfectly plastic finite 
element model nano-layers. 
  This analysis aimed to influence of contact geometry, is tip roundness and 
surface roughness of specimen can influence behavior of hardness at depth of 
indentation which is small, curvature effect of asperity and cavity on the surface of the 
test specimen can cause further changes in hardness values and response in these 
heterogeneous materials is much more complex  the recovery process observed in 
single-phase metals, deformation effect is analyzed during load and unload. Result of it's 
showing value hardness between present model with model Li et al. show good result 
with difference at close quarters small. Result of it's indicating that value equivalent 
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Simbol Keterangan Satuan 
A Luas permukaan kontak [mm2] 
a Jari-jari lingkaran permukaan kontak [mm] 
E Modulus elastisitas  [MPa]  
E1 Modulus elastisitas benda 1 [MPa] 
E2 Modulus elastisitas benda 2 [MPa] 
E* Modulus efektif kontak [MPa] 
F Arah gaya gesek [N] 
Fm Gaya gesek statis maksimum [N] 
Fs Gaya gesek statis [N] 
Fk Gaya gesek kinematis [N] 
H  Kekerasan material (hardness)  [MPa] 
HV Kekerasan Vicker [MPa] 
N Gaya nornal [N] 
h  Kedalaman kontak  [mm] 
hb  Jarak ujung indenter [mm] 
he  Recoverable elastic displacement [mm] 
hmax  Kedalaman maksimum [mm] 
g  Grafitasi  [m/s2] 
m Massa benda [Kg] 
n  Index hardening  [-] 
pm Tekanan kontak rata-rata [MPa] 
pe Tekanan kontak rata-rata elastic [MPa] 
pep Tekanan kontak rata-rata elastic-plastic [MPa] 
P Beban [N] 




Pep Gaya kontak elastic-plastic [N] 
Pc Gaya kontak saat titik awal luluh [N] 
R* Radius efektif kontak [mm] 
R1 Radius benda 1 [mm] 
R2 Radius benda 2 [mm] 
Rx Radius efektif prinsipal arah x [mm] 
Ry Radius efektif prinsipal arah y [mm] 
V Volume [mm3] 
x, y  Koordinat kartesius [mm] 
α Sudut  [o] 
α’ Setengah sudut effektif indenter  [o] 
α* Sudut indenter saat residual [o] 
β Faktor koreksi [-] 
σ Yield stress [MPa] 
s Koefisien gesek statis [-] 
k Koefisien gesek kinematis [-] 
τo Shear stress [MPa] 
δ Defleksi [mm] 
υ Poisson’s ratio [-] 
χ Fungsi exponent unloading elastic-plastic [-] 
ЄR  Strain hardening [-] 
ωPL Deformasi plastic saat loading [mm] 
ωPU Deformasi plastic saat unloading [mm] 
e Elastic spring back [mm] 
ω Interference [mm] 
 
